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Study Goals

* Purpose:

To determine if the upgrade TF flex joint and bundle stub design
is adequate to meet the requirements of the NSTX Structural
Design Criteria, specifically, the fatigue requirements of Section I-

4.2 for 60,000 full power cycles without failure.
— Strap Lamellae

e Stresses
» Buckling

— Bolted Joints
* Thread shear stress
» Contact status and pressure




Outline

« Wire EDM Flex Strap and Joint Design

— Flex Strap
— Superbolt Jack-screw Tensioned Nut
* Analysis
— Magnetostatic
* Magnetic Flux Density
» Current Density
— Transient Thermal
* Temperature
— Static Structural
» Conductor Stress
« Lamella Stress

 Thread and Bolt Stress
e Contact Pressure

* Development Tests
« Conclusion

NSTX
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NSTX CSU Flex Strap with Applied Boundary Conditions

Upper Umbrella Assy

8x 5/8” Bolt Hole

Uvert thermal = 3in

U, . =10in L _
tor twist Urad thermal — .018 in I — 130 kA
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Flex Joint Design using Superbolt Jack-Screw
Tensioned Nuts




Superbolt Jack-Screw Tensioned Nut

» Advantages of using Superbolts

— Easy Installation and removal of individual flex assemblies

— Low torque required: ~ 11 ft-Ibf

— Smaller inner-radius of flex strap required, allows use of more
laminations, reducing the maximum lamination stress

Torquebolt® Series

Bolt stress at standard preload: varies with size =

Operating Temperature: -50°F to 500°F

Torquebolts® are
most often used

for applications

with tapped holes.
Additionally, the
diameter of the
Torquebolt® head is
smaller than a nut type
tensioner, allowing
Torquebolts® to fit
tighter areas. Also
includes an external
hex for ease of
installation.

NOTE: For permanent bolting
applications, preload can be safely
increased 30% by increasing specified
torque 30%.

ORDERING INFORMATION: To the part numbers in the table,
add your threads per inch (or pitch) requirement and the length
required under the head (please account for washer thickness) -
Example: for a 2", 8TPI bolt 9” long, order SB8-200-8 x

9.00/w (The M specifies the standard hardened washer).

Nominal |Head Dimensions |Nom. Thrd Jackbolts Washer Standard
Part Thread| O.D. [Thick| B.C. |Lgth |Lgth| OAL | No | Size| Hex | O.D. |Thick| Wt.
No d D T c X B L Jb [ J H Dw t |Pre-Load| Torq
In In In In In In In n In In In In Lb Lbft | Lb
SB8-062-. x../w 58 | 1.21 an 20400 " 5
LSBH-ur:v—,,,x,,,rw P TL 2 I 1o SB8-062-11x6.00,-Mat'l:-Inconel 718 iz " T I
| SB8.08 7, 14 | 9

Multi-Jackbolt Tensioners

Bolt style Multi-Jackbolt Tensioners from Superbolt
are an innovative bolting product that eliminate
expensive and dangerous tooling. Only hand/air
tools are required for installation and remaoval of
any size Torquebolt™.

Below are the available series. These are simply
guidelines to choose the appropriate product for

your application. When you contact us for a quote
or to order, we will verify that the correct productis
being purchased for your situation.




Coupled Maxwell Magnetostatic and ANSYS Transient Thermal/ Static
Structural Analysis Block Diagram
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Lorentz Forces

Note: This sequential, one-way coupled analysis is only valid if the bolted joints do not separate, and if
the electrical and thermal contact resistances are a weak function of contact pressure, which is true in
this case if the minimum local contact pressure is above 1500 psi.
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SolidWorks Model of 3 Strap Assembly with
Simplified OH, PF, and TF Coils




Maxwell Magnetostatic Analysis: DM Solid Model
310 Laminations/ Strap




Maxwell Magnetostatic Results: Current Density
Current Scenario #82, 30 Laminations/ Strap
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Maxwell Magnetostatic Results: Ohmic Loss

Current Scenario #82, 30 Laminations/ Strap

Ohmic-Loss[W/m~
E.BEBEE +BET
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Maxwell Magnetostatic Results: Magnetic Flux Density
Current Scenario #82, 30 Laminations/ Strap

BLT]

3. BEEEe +BBE
2, 7857 e+008
2, 5714e+08E

2,357 1e+00E
2, 1429e+888
1. 9286e+00E
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ANSYS Thermal and Structural Analysis Solid Model

30 Laminations/ Strap

Superbolt pretension = 25000 |bf

Torqued-bolt pretension ~ 6700 Ibf
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ANSYS Thermal and Structural Analysis Mesh

30 Laminations/ Strap
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Parts Common Between Maxwell and ANSYS Analysis
30 Laminations/ Strap
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ANSYS Transient Thermal Results: Temperature
Current Scenario #82, 30 Laminations

e e TS
™
Un
Ti _ _
5(7/2010 11:18 AM

135.71 Max

0,00 20,00 40,00 {cm)

10.00 30,00

NSTX

17



ANSYS Static Structural Results: Tresca Stress 1

Current Scenario #82, 30 Laminations/ Strap
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ANSYS Static Structural Results: Tresca Stress 2

Current Scenario #82, 30 Laminations/ Strap

NSTX
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ANSYS Static Structural Results: Tresca Stress 4

Current Scenario #82, 30 Laminations/ Strap




ANSYS Static Structural Results: Lamination Tresca Stress
Current Scenario #82, 30 Laminations/ Strap, Center Strap
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S - Strength (ksi)
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ANSYS Static Structural Results: Joint Tresca Stress

Current Scenario #82, 30 Laminations/ Strap
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Stress Amplitude, o, (psi)

Modified Goodman Diagram: Inconel 718 AMS 5663
@5/8" Bolt

160

Tendpn18aness

140

9SH

120

100

80

60

40

20

20 40 60 80 100 120~ 140 160 18(§U 200

Mean Stress, o, (pSi)

25



ANSYS Static Structural Results: 5/8” Bolted Contact Pressure

Current Scenario #82, 30 Laminations/ Strap

Min. Pressure ~ 4500 psi
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ANSYS Static Structural Results: 3/8” Bolted Contact Pressure

Current Scenario #82, 30 Laminations/ Strap

Min. Pressure ~ 2500 psi
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Flex Strap and Bolted Joint Design Verification Tests

 Tests Performed at 3 Different Levels

— Material Level
+ C18150 HO1 fatigue strength (RO)

— Stub Joint Level
 HeliCoil insert pull-out strength in C18150 copper stub, static and fatigue
* Inconel 718 custom Superbolt nut/ stud fatigue strength

— Flex Strap Assembly Level
» Manufacturability
* In-plane bending stiffness
» Cyclic, simulated maximum combined loads
» Contact pressure distribution
— Bolt pretension only
— Bolt pretension + simulated maximum combined-load
» Superbolt nut tensioned in umbrella segment mock-up

28



Conclusions

1. Lamination Stress:

Excluding singularities, the maximum Tresca stress in the laminations is 18.9 ksi. To
satisfy the requires of the NSTX Structural Design Criteria, the fatigue strength at 60 K
cycles must be greater than twice this stress, or the fatigue strength at 1.2 EO6 cycles

(20x N) must be equal to or greater than this stress, whichever is the more severe
requirement.

— The fatigue S-N curve for C18150 copper-zirconium, with the maximum lamination Tresca stress
plotted at N = 60 K cycles, is shown above. The lamination stress is slightly below the 2x stress level
and meets all the requirement of the Design Criteria.

2. Copper Flag Thread Stress:
The average shear stress in the copper threads is 34.8 ksi. To satisfy the Design
Criteria, the shear stress must be less than 0.6 Sm = .4 Sy = 37.5 ksi.

— The Modified Goodman diagram for C18150 copper-chromium-zirconium, with thread Tresca stress
plotted, is shown above. The thread stress meets all the requirements of the Design Criteria.

3. Contact Status/ Pressure:

Results show that none of the joints separate, and that the minimum local contact

pressure is approximately 2600 psi, which is 1100 psi above the minimum
requirement.

— Initial assumptions are correct, sequential one-way coupled model is valid.

4. Lamination Buckling Load Multiplier Factor (LMF):

The 1st mode LMF is 58 (see Appendix), well above the Design Criteria linear buckling
requirement of 5.
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Appendix A

Lamella Stress Linearization
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ANSYS Static Structural Results: Lamination Tresca Stress
Current Scenario #82, 30 Laminations/ Strap
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ANSYS Static Structural Results: Lamination Stress Singularity

Current Scenario #82, 30 Laminations/ Strap, Center Strap
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ANSYS Static Structural Results: Stress Linearization
Current Scenario #82, 30 Laminations/ Strap, Worst-Case Lamination

35547
Total
28438
245853
33333
Bending
17774
Bending +
14218 - Membrane
Peak
666666
7109.4 —
3554,7 - Membrane
JJJJJ \/




Appendix B

Lamella Buckling Analysis
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Single Lamination Linear Buckling Model Results

qst l\é(ﬁe' .
Load Multiplier = 58.4
BoadMSitiplier = 117.6

Load MiStiplier = 73.0
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Appendix C

Flex Strap Dynamic Load Factor
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HALF-SINE PULSE VERSED SINE PULSE

Consider the “half-sine” acceleration The versed sine pulse (Fig. 31.208) is described by
pulse (Fig. 31.20A4) of amplitude ii,, and
" - . . / f) "\
duration i = % ( | - cos =L ) = i, sin® = [0<r=1]
ii = ii,, sin Rl [0<r<1] oA Ty T (31.36)
' (31.34)
i=0 [t> 1] =0 [£>1]
From Eq. (31.28). the effective duration is The effective duration 1, given by Eq. (31.28) is
Tr:% T (3[35) T,,Z{I/i)‘[ (3[3?)
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FIGURE 31.20 Half-sine acceleration pulse (A) and versed sine acceleration pulse (B).
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s Modal

Total Deformation

Type: Total Deformation
Frequency: 64,505 Hz
Unit: in

203(2011 9:10 AM
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89,4616
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3.1533
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Modal Analysis Results: Flex Strap Mode 1 = 65 Hz
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